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EDITORIAL
Apoptosis in cystogenesis: Hands on or hands off?
Preconditions for a permanent mature kidney capable during development. While 60% of apoptotic nuclei are
of maintaining life include: complex reciprocal induc- detected in mesenchymal cells, 40% of the apoptotic
tions of the metanephric mesenchyma and the ureteric death affects tubular epithelial cells and may be impor-
bud; extensive rearrangements of these primordial struc- tant for lumenization and other morphogenetic processes
tures by cell proliferation, apoptosis, and remodeling of [4]. It seems likely that apoptosis associated with MDCK
extracellular matrix; development and maintenance of a cyst cavitation recapitulates the proapoptotic state nor-
terminally differentiated state characterized by acquisi- mally associated with renal development.
tion of specialized transport or metabolic functions; and Observations in bcl2 and, more recently, AP-2 b
a reduced capacity to proliferate or undergo apoptosis. knock-out mice have linked causally increased rates of
Cysts may form by default when normal tubulogenesis apoptosis and development of renal cystic disease. Bcl2
is impaired (for example, by obstruction) or when the is essential for survival of renal stem cells in early stages
ability to maintain a terminally differentiated epithelial of nephrogenesis, is strongly expressed in renal tubules
cell phenotype is lost (such as by ischemia) [1]. While during renal development and is down-regulated upon
the cystic phenotype, characterized by an intermediate maturation. In bcl2 knock-out mice, excessive apoptosis
state of cell differentiation, is relatively uniform, causes after embryonic day 13 results in hypoplastic kidneys
leading to this phenotype may vary widely. To fully ap- with a reduced number of nephrons [5]. Extensive cyst
preciate the diversity of these causes, it will be essential formation develops after birth, particularly towards the
to understand the mechanisms underlying normal renal end of the first month, and is accompanied by increased
morphogenesis, a task not yet accomplished. cellular proliferation and apoptosis [6]. AP-2 b is ex-
Madin-Darby canine kidney (MDCK) cells have been pressed in distal and collecting duct epithelial cells, both
used extensively as in vitro models of renal tubulogenesis during development and in the mature kidney, sug-
and cystogenesis. The relevance of these simple systems gesting that it may be required continuously in these
to kidney development is supported by the demonstra- cells. AP-2 b knock-out mice, towards the end of embry-
tion of branching morphogenesis and tubule elongation onic development, exhibit an exaggerated down-regula-
when MDCK cells seeded in collagen-type 1 matrix are tion of antiapoptotic genes of the bcl2 family, marked
co-cultured with mouse embryonic kidney. The inductive apoptosis of distal and collecting duct epithelial cells,
effect of this tissue in this system is mediated by hepato- slight reduction in renal size, and the development of
cyte growth factor/scatter factor (HGF). Both cell-colla- numerous, small, distal and collecting duct cysts [7].
gen interaction via a2 b1 integrin receptors and HGF are While the bcl2 knock-out mouse resembles oligomega-
essential for tubulogenesis to occur. In the absence of nephronic hypoplasia and the AP-2 b knock-out mouse
HGF or when, in the presence of HGF, the a2 b1 integrin shares some features with autosomal recessive polycystic
expression is suppressed by transfection with a2 integrin kidney disease, neither one of these models resembles
antisense mRNA, branching morphogenesis is inhibited ADPKD. On the other hand, transgenic mice overex-
and only cysts can form [2]. pressing the proapoptotic proto-oncogene c-myc develop
In this issue of Kidney International, Lin et al demon- a phenotype that more closely resembles ADPKD, with
strate that apoptosis is essential for MDCK cyst cavita- increased rates of cell proliferation and apoptosis, renal
tion in a collagen-type 1 matrix, and that cystogenesis enlargement, and cysts affecting all segments of the
in this system is inhibited by overexpression of the anti- nephron [8]. C-myc is a transcription factor with diverse
apoptotic proto-oncogene bcl2 [3]. The relevance of these activities including inhibition of terminal differentiation,
observations to cystogenesis in vivo and particularly to potentiation of cell cycle progression and induction of
the pathogenesis of autosomal dominant polycystic kid- apoptosis. The simultaneous induction of cell prolifera-
ney disease (ADPKD) merits consideration. tion and apoptosis has been regarded as a safeguard
Large scale apoptosis of renal tissue occurs normally against neoplastic transformation.
Overexpression of c-myc in association with increased
proliferation and apoptosis of tubular epithelial cells isKey words: kidney development, metanephron, tubulogenesis, cyst for-
mation. also a feature of early and late stages of human ADPKD
[9, 10]. Contrary to the bcl2 and AP-2 b knock-out mice, 1999 by the International Society of Nephrology
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however, bcl2 is expressed at high levels in ADPKD. It provide opportunities for interventions that avoid the
potential risk of selectively inhibiting apoptosis alone.has been hypothesized that PKD mutations result in a
failure to trigger a switch to down-regulate c-myc, by
disrupting cell-matrix interactions or some other still un- Vicente E. Torres
defined mechanism, and that c-myc overexpression is Rochester, Minnesota, USA
capable of overriding the effect of bcl2 and inducing Reprint requests to Vicente E. Torres, M.D., Nephrology and Internal
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Street, SW, Rochester, MN 55905.The observation by Lin et al [3] that apoptosis is essen-
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